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45. Periodic Properties of Elements

BY CHIN-FANG HSUEH (##% #i) AND MING-CHIEN CHIANG (#:%18),

DEPARTMENTS OF PHYSICS AND CHEMISTRY,
NATIONAL UNIVERSITY OF PEKING.

The periodic system of elements has been to the chemists
a most important guiding principle in all speculations upon
physical and chemical properties. Since its discovery it has
been familiar to chemists that a recurrence of the properties
appears in all the periods in like order, but of different de-
gree, while the elements in the same family exhibit closely
resembling properties which vary with atomic number in some
more or less gradual manner. The periodicity is shown by
the theory of atomic structure to be due to the outer structure
of the atoms, i.e., the valence electrons, and the variations for
one family are due to the difference of shells to which the
valence electron belongs.

This feature of the periodic properties leads naturally to
the assumption that any periodic property of the elements
consists of two factors, the one is the periodic factor which
determines the periodicity and the other the amplitude factor
which causes the change of the properties of elements in the
same family. Thus we may write:

Ped-p ‘ (1),

where P denotes a periodic property, p its periodicity factor
which is a function of valence*, and 4 its amplitude factor
which is a function of energy state and the radius of the
outermost shell.

* Besides the chemical properties, the so-called physical properties such as
boiling point, melting point, surface tension, etc., are considered by Langmuir
(19) as ‘‘manifestation of typical chemical farces, sometimes primary
valence other times secondary valence forces.’’
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I. Abegg theory. II, After Langmuir (20).
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Valence of elements:

Fig. 1.

Periodicity Function
A,ecordmg o the _ periodic

g system the valence of the ele-

ments V is a periodic funection
of the atomic number, Z:

¥ =1(Z) (2),

As assumed in the above para-
graph:

p=y (V) (3),

thus we have

p=¥[f(2)] (4).

If we consider only the normal
valence of the elements, without
dealing with the mechanism of
the valence bindings, it is suf-
ficient to start with the Abegg
theory, the rule of eight, as a
basis for determing f(Z).
Abegg’s (1) rule states that
every element, can exhibit either
positive or megative valence and
the ‘maximum positive valence
is the same as the number of
the periodic group to which the
element belongs. The sum cf
the maximum positive and nega-
tive valences, irrespective of

sign, is always equal to eight,
as shown in the table below:
Periodie. o ; 1y 51y 3v v VI wiI
group _
Normal 2
valenceo 12 3 44-3-2 -1
Contra-
valence (7)(-6)(-5) &8 4
Fig. 1 gives the curve of

normal valence of Abegg’s rule.
For comparison, a diagram of
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the kind first introduced by Kossel (17) and Langmuir (20), shows
ing the possible valences of the known elements, is given in the same
figure. #

.~ For the representat.lon of the normal valence of the short penods
as a function of the atomic number, we start with He as the origin
and thus (Fig. 2):

2 ] ' S
—-——-*}é—--—d‘é—u- - e - - - -):6 ——————— —-—-—--;i
b | : iy Ly !
: | Py : $ e : 1
] 1 s s ! s 4 ¢
Y 3 [} / L} : Z i
! . 1 Vo £ ¢ e by bl Py
£l AR : & X
H ! Eo i i -
. ' O 3 [ o 3 ‘

Fig. 2. Normal Valeuce of short and long Periods.

: X=gA
V=X =X, from X =0to X =1 ' (5a),
Ve m= X o from' X =1 to1 X =121 (5b),

ﬁhére l is the length of the period and A the atomic number of the
inert gas before the period considered and is given by the Rydberg’s
atomic number series:

A=2 (1 + 22+ 224+ 8+ 324+ 4%..) (6).

In the long periods the elements are always divided into two series
of elght. elements, A-series and B-series, and each series corresponds
with.a short period. The normal valence function (5) holds for the
A-series.. For B-series, A is replaced by the atomic number of the
last member of each of the iron-platinum {riads before the series
‘considered, i.e., A has the values 28, 46, and 78 for B-series of 4th
5th, and 6th perlods respectively,

Among the transition elements in the periodic system, those of
the A-series of Groups V, VI, VII, and VIII are all exceptions to
Abegg’s rule. They have predominent contra-valences. In combina-
tion they play the parts of positive metallic ions and under oxidizing
conditions they all increase in valence and form acids. Among them
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we find the cases of multiple valences some of which are more stable
than others, and the unstable ions readily change to others with other
valences. For these elements the valence actually exhibited in
special cases may be different not only from the normal valence, but
also from the maximum one. It is not entirely correct in some cases
to assume that the properties of the elements
are determined by the maximum valence. The
maximum valence can be, however, considered
as the upper limiting case of the various
valenges, and thus we have::

W T i=f(2) =X from x=zto’x=f2z .

This equation is the same as (5), except the
limits are different.

Now we are in the position to determine
the relation between p and V. An exhaustive
study of the type of all known periodic pro-
H| pertics, with the exception of a minor class of
few ionic properties, leads to the conclusion
that ncarly all the atomic periodic properties
are of the ‘‘U’’-shaped curves. Fig. 3 gives the
typical types of the ‘‘U’’-shaped curves for one
period with the valence curve placed under
these curves. The curves I, II, III and IV.
are of the possible types of the ‘‘U’’-curves.

-

] ]
" ] 3 -y g
/ o/ \/v| The examples of I, II and III, are boiling

point, density, and atomic volume respective-
: : ly. There is no example of curve IV.

: From the above curves, it is observed that

Fig 3 T‘;"fp‘lf::.w'gifi’f; the. periodic function p 'is oi_:' the parabolie type

g of Properties. While the valence function is a broken straight

line. This leads to the assumption that the periodic funection p may
be represented as an integral of the valence funection:

p=-dez (8)

Substituting the function V in (8), we have:
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[,—_—f XdX= ;ﬁ X2+, from X=0 to X =/, (9a),

&4 J p_:J (X—2Z) dX= ;(X—2l)2_+c, from X=140 N =291, \’9|)

For transition elements of groups V, VI, VII and VIII, the integra-
tion function of the maximum valence is the same as (9a) within the
range from X==I to X=2L Fig. (4) gives a curve of equation (9)
with ¢ = 0. This is of the exactly same shape as curve 1 in Fig, 3.

e . |
' ]
- ! !
£9 | ] ]
] ]
1 ]
] !
15 T T A 1 T 1 H
i ] ) ' | A (|
i | i ,lll \ 'l ¥ :
o0t : A :: TR '
! 1 : \ ' '
1 ' ' s ; ' 1
& [ ! s L ' 4 :
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” ' | it '
] —
o §

5 /0 /5 20 25 50 85 40 4H5 S0

Fig, 4. Integral Funection of Valence.

The other types of curves, II, IIT and IV, can also be represented
by the same periodic factor, if we introduce an exponent y for the
funection p. In general we may write.

P 3 pr

=4 [J' AR L (10)

If y > 0, we have two cases:

(1. y> §,pYgives curves of type I, _

(2) Yy < %, pYgives curves of type II or III, depending on the
value of c.

If y < 0, pY gives curves of Type III or IV, depending on the
value of c.*

The difference between the types of periodieity is very significant.
Types I and II have maximum at the center and minimum at both
ends of a period, while types IIT and IV have minimum at the center

* This may be easily proved by differentiating two times the function p as if
it were a continuous one.
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of a period and maximum at its both ends. For. the sake of sim-
plicity, we shall call both types I and II the increasing class and
the types III and IV the decreasmg class. These two classes are
distinctly different from cach other both in sign of ¥y and in the
characteristics of curves.

.The atomic volume curve, one of historical importance in the
development of the periodic system, is a typical decreasing property.
A number of other periodic properties later found exhibit an analo-
gous: behavior in the mode and characteristic. In his study ‘on
periodie properties of elements, Richards (25) plotted atomic volume,
compressibility, coefficient of expansion and, reciprocal of the absolute
melting point in the same figure and thus brought forth clearly their
analogues. Other examples of this class are atomic parachor
(Sugden, 34), atomic radius (Bragg, 4), atomic heat at low tem-
peratures (Dewar, 8), atomic entropy (Lewis, Gibson and Latimer,
21), and fluidity (Bingham, 2).

For increasing function, we may take melting point (ef. Harkins
and Hall, 74) and atomic frequency (ef. Harking and Hall, 14) as
typical examples. Other properties belonging to this class are boiling
point, (Carnelley, 5), latent heat of fusion (Rudorf, 27), latent heat
of vaporization (Washburn, 37), density (ef, Harkins and Hall,

14), hardness (cf, Rydberg, 28; and Harkins and Hall, 74) cohesion

force Tm/v) of Blom (3), intrinsic attraction (Tomlinson, 36), and
atomic refraction (cf. Smiles, 33).

In the same class, either increasing or decreasing, the signs of
y for all the properties are the same and they have maxima and
minima at corresponding positions and the curves seems to run
parallel. This relationship is called by some previous investigators
as parallelism. The relation between the latent heat of fusion and

melting point as given by Trouton’s rule is an example.

For an increasing function,.y> 0, while for a decreasing fune-
tion, Y < 0. They are thus naturally reciprocal of each other:

P increasing — [fv dz)v

p decreésing= [J‘ V dzZ] = 1—. (11)
increasing
- As a matter of fact, this reciprocal relationship had been noted
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by some previous investigators. In 1913 Blom. (3) gave curves for
a number of oxides of the type RO, and showed that when the mean
atomic heat, the square root of the atomic volume and softness
(reciprocal of the hardness on Mohs scale) are plotted, as functions
of the atomic weight, the three curves have the same form. In 1915,
Richards (25) pointed out the reeiprocal of absolute melting point,
instead of the absolute melting point itself, is of the same type of
the atomic volume. In the next year, Harkins and Hall (14) also
plotted the four curves of atomic volume, compressibility, coefficient
of expansion and reciprocal of absolute melting point for 72 elements
as Richards did (25), and showed that all these have the same form,
though they are not so closely similar as those plotted by Richards
{25). In addition, they plotted the reciprocal of the atomic fre-
quency and found that this also has a form similar to that of the
atomie volume curve. In 1928, Richards and White (26) compared at-
omic volume, compressibility, cubic coefficient of expansion, reciprocal
of absolute melting point, reciprocal of internal pressure, and re-
ciproeal of hardness for IB-VB families of the long periods by plotting
them in the same figure and emphasized the approximate propor-
tionality between the atomic volume and the other properties plotted.
All these conclusions cited above can be represented by the reciprocal
relation as indicated in equation (11), since melting point, internal
pressure, atomic frequency and hardness are increasing funections,
and their reciprocals must be decreasing ones just like the typical
decreasing property, atomic volume.

Amplitude functipn.

Most of the amplitudes of the periodiec properties of elements be-
come either smaller and smaller, larger and larger, or smaller and
larger alternately as the atomic number increases. In one family, the
property curve with atomic number as abscissa is. always a non-
periodic one and either increases or decreases with an increase in
atomic number. This is due to the fact that although the number
of valence electrons of elements in the same family is the same, the
energy states of these electrons which are determined by the quantum
numbers and the atomic number, are different for different atoms
in the same family. Electrons in different energy states are situated
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in .orbits of different radius and possess different energy values.
The radius of the orbit and the energy values of the valence electrons
contribute the variation of amplitude of the properties to the elements
belonging to the same family.

A number of relationships between the atomic radius and the
amplitude change of other properties had been pointed out by pre-
vious investigators. For the inert gases, the atomic radius, a— 5:_—%2,
is found to be approximately proportional to the cubic root of atomic
refraction, the cubie root of the van der Waals volume correction b,
the square root of the van der Waals pressure correction a, the ap-
parent atomic diameter o, the boiling point, and the reciprocal of
the ionization potential. Graphs of these properties, when plotted
versus atomic radius as abscissa, are all straight lines (cf. Geiger
and Scheel, 12). The cubic root of ionic refraction, normal potential,
heat. of hydration, reciprocal of the ionization potential, ete., for
groups O, I, II, VI and VII have also been shown to be parallel
with ionie radius (ef. Geiger and Scheel, 13).

Since both the energy and the radius of the orbit of the valenece
electron are function of atomic and quantum numbers, we may pos-
tulate that the amplitude function which represents both the varia-
tions caused by the change of radius of orbit and those by the
energy state may be represented by the function:

VA

A=k o (12)
where k is a proportional constant, @ and § two parameters which are
eonstants for elements of the same family and different for different
families. For some properties the second quantum number I, or the
resultant of I’s, L, may be introduced together with the principal
quantum number. According to the signs and values of the ex-
ponents a and B, various types of amplitudes may be represented by

- . : d
the amplitude function k—'ZT In many cases, it, has been found that

the amplitude function for one family is either one of the follow-
ing three types: (1) concave upward increasing function, (2) concave
downward increasing function, and (3) concave upward decreasing
*unction. The example of the concave downward decreasing function
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Z} Z-1

. n‘? and = of group IA as

illustrations of the three types, the curves of atomic weight, atomic

heat at low temperature, and atomic frequ_ency‘qf_ this group corres-

e e o —

pond “with theoretical curves -respectively.

2
has not been found. Fig. 5 gives an

o i . . A Lv‘A A A A
10 20 @80 #0 go 60 70 80 90

Fig. 5. Amplitude Functions of Group IA.

I, 2Z¥/n, 1V. At. Heat at low Temp. 4 2. ;
_-IL. Atomic Weight + 10, V. 15Z-/n-? for 1A, |
I1T. Z} for IA. VI. Atomic Frequepry, !

: e : :
In most cases, the amplitude function k—hT’ does not give a curve

- which changes gradually from one element to the other, .e., the so-

|
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Transition of IA.
lonization Potentetial -2,

Z%/n8 171 10, z~1/n-2

Hardne s X 10.
Atomic Vol. V.I. 22-4/#-5,

£

called gradual transition, but gives a
maximum, minimum or point of in-
flection. The function A ——*— for
group IA, for example, is of such a
type and the actual example is the
density of this group (Fig. 6). For
distinguishing the various types of
the amplitude we may assign a ()
sign and a (—) sign to the increasing
and decreasing functions respectively,
and assign the element with a ()
sign if its property is smaller than the
mean value of, those of the'two adjacent
elements and a(—)sign if its property
lies in the curve higher than the mean
value of those of the two adjacent ele-
ments. Thus the density curve given
in Fig. 6 may be denoted by the nota-
tion 4 (— -4 —). Other types of

alternate transition are — (— 4 —),

4
the examples are -f:? for group IA,

and its first ionization potential ; -I-

atomic volume and — (+ — +),
1

”—‘:; for Group IA and its hardness.

These properties are plotted in Fig 7.
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The type (+ — +) and (— + —) arel said to be of alternate
transitions in contrast with the gradual transitions which are denoted
by (+ 4+ +) or (—— —).

In the periodic system there are eight groups or sixteen families,
and for each there is an amplitude function. The amplitude fune-
tions for the different families may be all of the same type or some
of one type and the others of other types. For a certain property,
there is a definite combination of the amplitude functions.

(1) “Parallel” combination. Tn this case the amplitudes of -all
the 16 families are of either simultaneously increasing or of simul-

2
v v  mns L v v AJ T T

7o 20 30 40 4o €0 70 85 50

Fig. 8. Amplitude of Atomic Volume.
taneously decreasing. The amplitude variation of the bulk pro-
perties such as atomie radius, ionic radius, atomie volume and atomic
parachor; their reciprocal properties such as density; and the ioni-
zation potential and ionic potential of Cartledge (7) are the examples.
The fact that the bulk properties and their reciprocals belong to
this type is easily understood. Since the radius of atoms of all
groups increase with the atomic and quantum numbers, it is evident

that if the amplitude of a property depends upon the size of

the orbits of the valence electrons, all groups would change their
amplitude in the same direction, either increasing or decreasing, and
both the exponents g and B are either positive or negative throughout

o i

N
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the whole perlodlc system Fig. 8 gives the amplitude of the atomie
volume.

(2) “Crossing” combination. In this case the amplitudes for
electropositive and for electronegative groups vary just in the reverse
order; if the one is inereasing, the other is decreasing, and viee versa.
The combination of increasing and decreasing functions gives a cross-
ing change of the smplitude of the whole periodic system. The ex-
amples are meltmg point, boiling point, latent heat of fusion, latent
heat of vaporizaion, hardness, ete. Fig. 9 gives the amphtude of
the melting point.

r 1 [ il i) A 1 { ! (]
10 20 8o 20 60 60 Yo 80 S
* Fig. 8 Amplitude of Melting Eoint.

Property Equation :
By combining the periodicity function and the amplitude func-
tion obtained in the last, sections we have the property equation :

P=/c_fﬂl[ deZ]I.v (13).

Since there are two types of amplitude, 4.e., parallel and crossing,
and two classes of periodicity functions, ¢.e., increasing and decreas-
1ng, we have the following types of periodic properties:

(1) Parallel amplitude, increasing periodicity. . This is. d1v1ded
again into: (a) increasing amplitude, increasing periodicity, and (b)
decreasmg amplitude, increasing pertodicity;

(2) Parallel amplitude, decreasmg periodicity.

(3) Crossing amplitude, increasing periodicity;

(4) Crossing amplitude, -decreasing periodicity. (Table: I).

In the case of parallel amplitude, decreasing periodicity we have
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only properties of increasing amplitude; no
amplitude has yet been found.

example of decreasing

Table I. |
Parallel Change
, — Crossing Change
Increasing - Decreasjng
Atomic Radius Compressibility
Atomie volume coefficient of
Decreasing Atomie¢ parachor expansion
(¥y<0) Topic radins
Atomie heat
Atomic entropy
Density Atomic frequeneyt | Melting point
Ionization Boiling point
Increasing potential Critical temperature
(Y>0) Tonic potential Heat of vaporization
] Heat of fusion
Specifiec refraction
Intrinsic pressure
Hardness
Cohesion*

t Though the a.mplitu@ie of atomic frequency seems to be a parallel combination,
it may be possibly a erossing change, since, it i§ proportional to the square root
of ratio of melting point (a erossing change) to two-thirds of atomic volume

(a parallel change) (cf. Mellor, 22).
all decreasing function, but the amplitude of group 0 is increasing one.
Cohesion given by Harkins and Hall (14) is a ratio of melting point to the

*

atomic volume Tm/y, _ .
In Fig. 10. a fune;tion of ‘paralled increasing amplitude and decreas-
ing periodicity Pid;

The amplitudes of groups I-VIII are

: ‘A Za- > 1Y
Pu=kely o[ v az]
g i %
where ¢ = 0, p= —~ 1, y= — 4, k= 3, and integration constant
¢ = 3, is compared with the atomic volume(!’ and atomic heat (%’

at low temperature. Fig. 11 gives a comparison of a function of
parallel increasing amplitude and inereasing periodicity :

(1) Data taken from Ephraim (9), except those for Ne, Ar, Kr, Xe, Em and
Sc. which are calculated from atomic: weight and density from the Inter-
national Critical Tables (37). . !

(2) Data for elements at 20-77.4° K., taken from Lewis and Randall (21a).
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11. Atomic Volume.

Fig. 10. 1.3(Z% (n+L)-1}[/V dZ}3.

Atomic Heat at low Temperature.

III.

T T

T

T T T

A
20 80 40 80 &0 70 80 90

Fig. 10. I.(2/5) (Z%8/n}) [/VdZ}. 1II. Density
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<o g Ae8 Y
Pn—k—ﬁ [deZ]’

where @ = §, B=3, y=14, k=2 and ¢ = 5%, with the curve of
of density(3’. Fig 12, gives a comparison of a function of decreas-
ing amplitude and increasing periodieity :

Z-3 _ L
Py =5027% [_[V dZ]’
R O AR iy
with the atomic frequency‘4’ curve. Fig. 13 gives a function of
crossing amplitude and increasinheriodicity:

Pc.°=A[fV dg]

where A — 1800 (_2-) for electropesitive élements, and A —18 (-i_)

for electronegative elements. In the same figure the melting point
eurve, boiling point(®’ curve, and hardness‘®’ curve are plotted for
comparison. In Fig. 14, a funetion of crossing amplitude and de-

creasing periodicity, [ 4 fV dZ]3, where A=5 -—Z; for groups IA-IVa,

A =60 Z4/n? for VB-VIIB and 0 and A=IOO-% for groups Va-
VIIa and Ib-IVb, is compared with the compressibility ¢?°.

(3) Data taken from International Critical Tables (37).

(4) Data taken from Mellor (22).

(5) Data taken from International Critical Tables (37) and econverted into
absolute scale by adding 273° K.

(6) Data taken from Landolt-Bornstein (18).

(7) Data taken from Richards (24, 26).

(8) Data taken from Spha and Saha (29),
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Fig. 13. 1. A[/V dZ], II. Boilinz Point. ITI. Melting Point. 1V. Hardness,
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From the nature of its curve ionization potential seems directly
related to the function of the number of valence electrons, but not
determined by the valence itself. Its curve/® (Fig. 15) very closely
resembles the curve of the function:

Z3
n(n+L)
where V is the number of the valence electrons.

In these theoretical functions the values of the general con-
stants y, k, and ¢ and the family constants @ and B are all arbitrary-
ly assigned and the curves give very characteristic resemblances for
all the cases.

13.5. Vi
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Fig. 15. 1. 13.5(Z3}/n(n}L)) V23, II. Ionization Potential.

For the transition elements of groups Va-VIIa, the theoretical
curves exhibit their worst feature. The departure of the facts from
the property equation is, however, very significant, The periodicities
for these groups are integration’ functions of the maximum
valence and thus the curves given by the above equations are the
expressions of the limiting cases of the properties rather than those
of facts themselves. From this point of view, it is evident that a
theoretical curve should be an upper limit for an increasing perio-

.. dicity property and a lower limit for a decreasing one. The actual
-curve for the former case should lie lower and that for the latter
one higher than the theoretical curves. This is found to be so in most
cases. It is found in the cases of increasing periodicity properties,
t.e., density, boiling point, melting point, atomiec frequeney and
ionization potential that the slope of the theoretical curve in the
range of the transition groups Va-VIIa is always steeper than that
of the corresponding portion of the actual curves.

DISCUSSIONS

"In the above property equation, we consider only the mormal
valence of the elements, the energy and the radius of the orbit
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‘of ‘the shells of thé valence electrons, and then represent these iti &
‘form ‘of a product of a periodicity function of valence V' and &n

amplitude function 4 of atomic’ number Z and quantum numbeér n.
Besides these we have several other factors which may affect the
feature of the periodic propert.les “

(1) The allotropic effect. Many elements exist in several forms
which often possess quite different properties. For example, for

carbon diamond has an atomic volume very low in the graph, but
graphite has an atomle volume greater than that of berylllum and
¥ boron v
" '(2) The molecular effect. - The molecules of dlﬁ’erent elements
rare made up of varymg numbers of atoms, metals are monai;omlc
“while sulfur is octatomic (cf. Ephraim, 10).

(8) The condition of comparison. Any comparison between
elements must be made at corresponding states. No comparison can
hbe made between liquid and non-liquid elements, as, for example,
liquid nitrogen and solid carbon (cf. Ephraim, 10).

".(4) - Imteratomic forces. Interatomic forces, such as polariza-
-tion: force, and van der Waals’ force, are also responsible for the
: prop tties of the elements (cf. Slater and Frank, 32).

: ). The mechanism of the walemce. The effect of valence
- linkage, ‘electrovalence and covalence are 3harp1y distinguished in
volatility, solubility, eleectrical conductivity and many other pro-
- perties (ef. Sidgwick, 31). g
All these factors influence more or less the périodie vpropertiés
- of the elements. They are, however, not the determining factors of
-the main feature of the periodic properties.

* .“In the recent studies of properties 6f elements, there is an in-
¢reasing tendency to correlate the properties with the three funda-
“mental quantities used in this paper, i.e., atomic number, quantum
number and valence. In 1928, Cartledge (6) first made an attempt
to: put; the periodic system on a quantitative basis by introducing a
- function called ionic potential, a ratio of charge (valence) to radius
- of the ion. It has been observed that many chemical and physical
" properties of ions in the solid state and in solution can be eorrelated
-very well with this ratio. Two years later, Hume-Rothery (15, 16)
found empmeally that the interatomic distance is a function of the
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principal quantum number of the outérmost shell of the atomiec core
-and the atomie number, with a eonstant eoefficient ai which in some

groups may be connected with the valenece:

@y

1 n
| defel- ) 5
where z is a constant for a group. This is called by Hume-Rothery
the Law of Subgroup. The second relation he found was that for
the ionization potential V, a linear relation exists between n2 V and
Z % for the members of any one of groups, 0, IA and IIA, where
n is the quantum number of the eleetron; thus we have:

2
V=k€:-

Ol‘h &

. These relations are very similar to the property equation for a family,

In 1935, Fersman (11) proposed the periodic system of the energy
coefficient (a ratio of the square of valence to the radius of the ion),
and the energy coefficient values of elements are considered to be in
relation to the positions of elements in the periodic table, ¢.c., atomic
number.  In the same year, Seith (30) found that the solubility of
a metal in solid lead and the rate of diffusion of this metal in lead
depends on its position in the periodic system (atomic number), on
its atomic radius and on the number of the valence elections. In
1936, Nekrasov (23) pointed out that the periodic table should show

- not only the resemblances of the elements in the neutral state, but
_ also the resemblances and the differences in their ionic forms; and

that the abrupt change in properties upon passing into a new ionic
form is due to change in the charge, the radius of the atom and
the strueture of the outer shell. Most recently, in confirmation with
Cartledge (16), Sun (35) found that the acidity of compounds of
elements is determined by the ratio of valence and the ionic radius.

- From these investigations it is evident that the atomic number,
wvalence and quantum number are the most important faectors de-
- termining the main feature of most periodic properties.
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SUMMARY

A periodic property of the elements is represented by a
property equation which consists of a periodicity factor and
an amplitude factor in the form.

P=k%{deZT,

where k and y are general constants, and @ and B are family
constants. The periodicity factor [J‘ VdzZ ]Y, an ‘integral
function of the valence, determines the periodicity of the pro-
perties; and the amplitude faetor f; which is determined by
the energy and the radius of the orbit of the valence elec-

trons, represents the vanatlon of the amphtude of the pro-
perty curve.

. The combination of the two types of periodic funetions,
increasing (Y>0) and decreasing (Y>0), with the three
types of amplitude functions, parallel inereasing, parallel de-
creasing and erossing, gives all the known types of atomic
properties. Curves of the property equation are compared
with all the types of actual periodic property curves and very
characteristic resemblances are found in all cases.
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